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Background and Purpose: Ischemic stroke is a leading cause of mortality and disability globally, necessitating accurate prediction 
of intra-hospital mortality (IHM) for improved patient care. This study aimed to develop a practical nomogram for personalized IHM 
risk prediction in ischemic stroke patients.
Methods: A retrospective study of 422 ischemic stroke patients (April 2020 - December 2021) from Chongqing Medical University’s 
First Affiliated Hospital was conducted, with patients divided into training (n=295) and validation (n=127) groups. Data on 
demographics, comorbidities, stroke risk factors, and lab results were collected. Stroke severity was assessed using NIHSS, and 
stroke types were classified by TOAST criteria. Least absolute shrinkage and selection operator (LASSO) regression was employed for 
predictor selection and nomogram construction, with evaluation through ROC curves, calibration curves, and decision curve analysis.
Results: LASSO regression and multivariate logistic regression identified four independent IHM predictors: age, admission NIHSS 
score, chronic obstructive pulmonary disease (COPD) diagnosis, and white blood cell count (WBC). A highly accurate nomogram 
based on these variables exhibited excellent predictive performance, with AUCs of 0.958 (training) and 0.962 (validation), sensitivities 
of 93.2% and 95.7%, and specificities of 93.1% and 90.9%, respectively. Calibration curves and decision curve analysis validated its 
clinical applicability.
Conclusion: Age, admission NIHSS score, COPD history, and WBC were identified as independent IHM predictors in ischemic 
stroke patients. The developed nomogram demonstrated high predictive accuracy and practical utility for mortality risk estimation. 
External validation and prospective studies are warranted for further confirmation of its clinical efficacy.
Keywords: ischemic stroke, nomogram, predictors, lasso, intra-hospital mortality

Introduction
Ischemic stroke is one of the primary causes of disability and death among adults worldwide. The 2019 Global Burden of 
Disease Study reported approximately 7.63 million cases of ischemic stroke globally, with China accounting for 2869 
thousand of these cases.1,2 Notably, strokes constituted 11.6% of global mortality that year, with around 6.55 million 
people worldwide succumbing to stroke-related causes. Of these, approximately 3.29 million deaths were due to ischemic 
strokes, accounting for 50.2% of all stroke-related fatalities.1 It is important to highlight that the majority of these deaths 
occurred during the acute phase, primarily within hospital settings, a phenomenon known as intra-hospital mortality 
(IHM).3 Cardioembolic strokes and atherothrombotic strokes, subtypes of ischemic stroke, are particularly associated 
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with the highest rates of in-hospital mortality. These subtypes often result in more severe clinical outcomes and have 
a significantly poorer short-term prognosis compared to other forms of ischemic stroke.4

Despite the effectiveness of treatments such as intravenous thrombolysis with recombinant tissue plasminogen 
activator, mechanical thrombectomy, and care in specialized stroke units, the IHM rate among ischemic stroke patients 
remains high.5 This is largely due to the narrow therapeutic window and the risk of severe complications associated with 
these treatments.6,7 Additionally, due to significant differences in stroke severity, age, time of admission, medical history, 
socioeconomic factors, and complications during hospitalization among stroke patients, identifying factors that influence 
IHM is crucial for providing timely and appropriate care and improving patient outcomes.8 By identifying individuals at 
high risk of mortality, they can be prioritized for admission into acute stroke units, thereby enhancing the prognosis for 
patients with acute ischemic stroke.

Previous research has explored predictors of IHM among ischemic stroke patients, including age, comorbidities, 
stroke subtypes, and certain laboratory parameters like elevated blood glucose levels and increased white blood cell count 
(WBC), which may predict IHM rates.9–11 Additionally, recent studies have found a correlation between the admission 
shock index and stroke mortality rates.12

Although various prognostic scores for acute stroke patients—such as iSCORE, MEWS, PLAN, ASTRAL, and 
SOAR—have been assessed for their predictive capabilities.13–17 However, due to variations in study populations and 
differences in variable selection, a universally accepted stroke mortality prediction score has yet to be established.

The nomogram, an intuitive visual tool, has been widely used to predict long-term mortality rates, stroke-associated 
infections, malignant brain edema, post-stroke depression, hemorrhagic transformation, and adverse outcomes in 
different stroke subgroups.18–22 However, to our knowledge, there is currently no nomogram specifically for predicting 
the risk of IHM in ischemic stroke patients. Thus, this study aims to develop a simple and reliable clinical tool to predict 
the risk of IHM in ischemic stroke patients using readily available pre-hospital clinical data and admission laboratory 
indicators. This tool is intended to provide clinicians with a concise and effective method for assessing risk, thereby 
facilitating better patient care.

Materials and Methods
Study Design and Participants
This study received approval from the Ethics Committee of the First Affiliated Hospital of Chongqing Medical 
University (Approval No.: 2022–115) and was conducted in accordance with the Helsinki Declaration principles. It 
was a retrospective observational study that included patients with acute ischemic stroke admitted to the Department of 
Neurology at the First Affiliated Hospital of Chongqing Medical University from April 2020 to December 2021.

The inclusion criteria were as follows: 1) age ≥ 18 years, regardless of gender; 2) availability of all clinical and 
laboratory data; 3) all cases of stroke meeting the diagnostic criteria for acute ischemic stroke, confirmed by computed 
tomography (CT) or magnetic resonance imaging (MRI) scans as cerebral infarction; 4) obtaining informed consent from 
patients or their legal guardians. Exclusion criteria included: 1) medical records with missing data; 2) pregnant or 
lactating patients; 3) patients who declined to participate in the study.

Initially, a total of 545 patients were enrolled. Based on the inclusion and exclusion criteria, 422 patients were finally 
included. All patients were randomly divided into a training group (n=295) and a validation group (n=127) at a ratio of 
7:3 (Figure 1).

Data Collection
We employed standardized data collection forms to retrieve patients’ demographic information, pre-admission comor-
bidities, stroke risk factors, and laboratory test results from the electronic medical record system. This encompassed 
details such as age, gender, blood pressure, clinical features, diabetes, hypertension, heart disease, among others. 
Additionally, we documented the initial laboratory test results obtained upon admission, including parameters like 
complete blood cell count, hemoglobin (Hb) levels, white blood cell count (WBC), mean corpuscular volume (MCV), 
and other biochemical indicators.
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The severity of the stroke upon admission was assessed using the NIHSS, and stroke subtypes were classified 
according to the TOAST criteria. All patients received MRI or CT scans within 72 hours of admission.

Additionally, we recorded whether patients died during their hospitalization, and based on this, all patients were 
divided into two groups: Ischemic stroke with IHM and Ischemic stroke without IHM.

Statistical Analysis
The statistical analysis was performed using SPSS (IBMCorp version 26.0) and R version 4.3.2. Firstly, we conducted 
a normality test for all continuous variables using the K–S test. The results indicated that none of the included continuous 
variables followed a normal distribution. Therefore, we described them using the median (interquartile range) and 
compared the differences between two groups using the Mann–Whitney U-test. For categorical variables, we represented 
them with numbers (percentages, %) and compared them using either the chi-square test or Fisher’s exact test. 
A significance level of P < 0.05 (two-tailed) was considered statistically significant.

Multicollinearity among predictor variables was rigorously evaluated using the Variance Inflation Factor (VIF) and 
tolerance levels. Only variables exhibiting a VIF less than 5 and a tolerance greater than 0.1 were retained for further 
analysis, ensuring the stability and interpretability of our regression models. We employed the least absolute shrinkage 
and selection operator (LASSO) regression technique for data dimensionality reduction and initial predictor selection, 
effectively addressing multicollinearity and enhancing model parsimony by penalizing the regression coefficients, 
leading to exclusion of less significant or highly collinear variables. The variables selected via LASSO regression 
were subsequently analyzed using multivariable logistic regression to construct a predictive model and nomogram for 
IHM in ischemic stroke patients. This two-step approach ensured that our final model included only the most relevant 
predictors, free from problematic multicollinearity.

Figure 1 Flowchart of participant selection. 
Abbreviations: IHM, intra-hospital mortality; ROC, receiver operator characteristic curve; DCA, decision curve analysis.
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The performance of the developed nomogram was evaluated using the ‘rms’ package in RStudio. The discriminatory 
ability of the nomogram was assessed using receiver operating characteristic ROC curves, generated using the “Proc” 
package in RStudio. Additionally, we performed the Hosmer-Lemeshow test and calibrated the model using calibration 
curves and P-values. We conducted 1000 bootstrap resamples to obtain more accurate calibration results. Furthermore, 
we assessed the clinical utility of the nomogram using decision curve analysis (DCA), which calculated the net benefit of 
the model at different threshold risks using the “rmda” package. All graphics were created using R version 4.3.2.

Results
Study Populations
Between April 2020 and December 2021, a total of 545 ischemic stroke patients were screened. Of these, 123 were 
excluded due to missing data (n=120), pregnancy (n=1), being under the age of 18 years (n=2), and other reasons. 
Consequently, 422 subjects were deemed eligible for the final analysis. These subjects were then randomly divided into 
a training set (n=295) and a validation set (n=127) (refer to Figure 1). The median age was 65 years (56–72 years) for the 
training set and 67 years (61–75 years) for the validation set.

Table 1 summarizes the demographic and clinical characteristics of the study participants. No significant statistical 
differences (P > 0.05) were observed in baseline characteristics, including demographic factors, clinical features, and 
predictive factors, between the training and validation sets. This indicates that the random allocation of participants into 
their respective cohorts was scientifically sound.

Table 1 Baseline Characteristics of Subjects in the Training Set and Validation Set

Variables Total  
(n=422)

Training Set  
(n=295)

Internal Validation Set  
(n = 127)

P

Age (years) 66.00(57.00,74.00) 65.00(56.00,72.00) 67.00(61.00,75.00) 0.132

BMI (kg/m2) 23.03 (20.96, 25.54) 22.98(20.82,25.04) 23.51(21.78,25.95) 0.111

Ischemic Stroke with IHM (%) 40 (9.48) 29(9.83) 11(8.66) 0.707

LAAS 205 (48.58) 139 (47.12) 66(51.97) 0.361

CEI 138 (32.70) 102 (34.57) 36(28.35) 0.211

SVD 65 (15.40) 43 (14.57) 22(17.32) 0.473

Other 8 (1.90) 6(2.03) 2(1.57) 0.747

Unexplained Type 6 (1.42) 5(1.69) 1(0.79) 0.673

Admission NIHSS score 3.00(1.00,7.75) 3.00(1.00,8.00) 3.00(1.00,8.00) 0.571

Female (%) 227(53.79) 156(52.88) 71(55.91) 0.568

Smoking (%) 204(48.34) 143(48.47) 61(48.03) 0.933

Alcohol Drinks (%) 148(35.07) 99(33.59) 49(38.58) 0.321

History of Diagnosis

Hypertension Diagnosis (%) 234(55.45) 158(53.55) 76(59.84) 0.234

Diabetes Diagnosis (%) 128(30.33) 88(29.83) 40(31.50) 0.733

Previous Ischemic Stroke or Transient Ischemic Attacks (%) 50(11.85) 34(11.53) 16(12.60) 0.754

Carotid Artery Disease (%) 3(0.71) 2(0.68) 1(0.79) 1.000

Peripheral Arterial Disease (%) 6(1.42) 4(1.36) 2(1.57) 1.000

Intracerebral Hemorrhage (%) 6(1.42) 6(2.03) 0(0.00) 0.185

Depression (%) 1(0.24) 1(0.34) 0(0.00) 1.000

Lipid Diagnosis (%) 5(1.18) 4(1.36) 1(0.79) 1.000

Atrial Fibrillation (%) 22(5.21) 13(4.41) 9(7.09) 0.256

Coronary Heart Disease (%) 38(9.00) 30(10.17) 8(6.30) 0.203

Chronic Heart Disease (%) 14(3.32) 11(3.73) 3(2.36) 0.567

Thyroid Disease (%) 1(0.24) 1(0.34) 0(0.00) 1.000

Gastrointestinal Disorders (%) 5(1.18) 3(1.02) 2(1.57) 0.639

Nephritis, Nephrotic Syndrome and Nephrosis (%) 4(0.95) 3(1.02) 1(0.79) 0.082

(Continued)
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LASSO Regression for Predictive Variable Selection
Figures 2A and B depict the outcomes of utilizing LASSO regression analysis to filter through the clinical and laboratory 
characteristics of participants in the training set. This analysis identified 14 predictor variables associated with IHM in 
ischemic stroke, including small vessel disease (SVD), large-artery atherosclerosis (LAAS), the admission NIHSS score, 
history of previous ischemic stroke or transient ischemic attacks, peripheral arterial disease, atrial fibrillation, chronic 
obstructive pulmonary disease, surgical history, age, WBC, blood urea nitrogen (BUN), MCV, low-density lipoprotein 
cholesterol (LDL), and vitamin B12 levels.

Construction of Predictive Model
The 14 predictor variables identified via LASSO regression were further analyzed using multivariate logistic regression, 
leading to the identification of four independent risk factors associated with IHM in ischemic stroke: age, admission 
NIHSS score, history of chronic obstructive pulmonary disease (COPD), and WBC, all significant at P < 0.05, as shown 
in Table 2. Based on these predictive factors, a nomogram was developed, which is presented in Figure 3.

Validation of Predictive Model
Figures 4A and B demonstrate the nomogram’s performance evaluation using area under the ROC (AUC-ROC) curve for 
both the training and validation sets. The AUC reached 0.958 (95% CI: 0.918–0.997) in the training set, accompanied by 
a sensitivity of 93.2% and a specificity of 93.1%. In the validation set, the AUC stood at 0.962 (95% CI: 0.898–1.000), 

Table 1 (Continued). 

Variables Total  
(n=422)

Training Set  
(n=295)

Internal Validation Set  
(n = 127)

P

COPD (%) 22(5.21) 15(5.10) 7(5.51) 0.856

Malignant Neoplasms (%) 7(1.66) 7(2.37) 0(0.00) 0.108

Surgery (%) 26(6.16) 17(5.76) 9(7.09) 0.660

Family History 21(4.98) 16(5.42) 5(3.94) 0.631

Hematological Findings

WBC (109/L) 7.28(5.88, 9.53) 7.19(5.73,9.44) 7.50(6.13,9.84) 0.203

RBC (1012/L) 4.60 (4.21,4.96) 4.60(4.21,4.98) 4.62(4.20,4.91) 0.881

PLT(109/L) 204.50(168.25,252.00) 203.00(172.00,251.00) 209.00(166.00,257.00) 0.901

Hb (g/L) 138.50(128.00,150.00) 139.00(128.00,151.00) 138.00(128.00,148.00) 0.705

MCV (fl) 92.20(89.40,95.20) 92.20(89.40,95.20) 92.30(89.10,95.20) 0.739

MCHC (g/L) 331.00(322.25,338.00) 331.00(322.00,338.00) 332.00(325.00,338.00) 0.156

HCT (%) 42.00(38.83, 44.88) 42.1 (38.80,45.20) 41.70(39.40,44.40) 0.687

BUN (mmol/L) 5.50(4.60, 6.70) 5.50(4.60,6.60) 5.60(4.70, 6.90) 0.334

Crea (μmol/L) 68.00(57.00,82.00) 68.00(57.00,81.00) 69.00(57.00,86.00) 0.326

ALT (U/L) 26.00(20.00,33.00) 26.00(20.00,33.00) 25.00(20.00,32.00) 0.588

AST (U/L) 25.00(21.00,30.00) 25.00(21.00,31.00) 25.00(21.00,30.00) 0.484

FBS (mmol/l) 5.40(4.90,6.50) 5.40(4.90,6.50) 5.50(4.90,6.50) 0.916

HbA1c (%) 5.70(5.40,6.20) 5.70(5.40,6.20) 5.70(5.40,6.20) 0.804

CRP (mg/mL) 1.06(0.47,3.78) 0.90(0.41,2.82) 1.07(0.57,3.15) 0.055

PCT (ng/mL) 0.03(0.02, 0.05) 0.03(0.02, 0.05) 0.03(0.02, 0.05) 0.499

LDL (mmol/L) 2.59(1.97, 3.19) 2.61 (1.96,3.19) 2.57(2.03,3.19) 0.993

D2 (mg/L FEU) 0.39(0.23, 0.94) 0.37(0.23,0.86) 0.45(0.23,1.07) 0.340

Vitamin B12 (pg/mL) 254.50(193.50,360.38) 252.00(195.00,369.00) 273.00(187.00,353.50) 0.803

Folate (ng/mL) 9.550 (6.425,15.35) 9.50(6.50,15.40) 9.70(5.90,14.80) 0.487

tHcy (μmol/L) 12.40(9.90,15.68) 12.40(9.90,15.50) 12.5 (9.90,16.20) 0.640

Note: Data are presented as median (IQR), numbers, or percentages. 
Abbreviations: LAAS, large-artery atherosclerosis; CEI, cardio embolism; SVD, small vessel disease; BMI, body mass index; COPD, chronic obstructive pulmonary disease; 
WBC, white blood cell; RBC, red blood count; PLT, platelets; Hb, hemoglobin; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; HCT, 
hematocrit; BUN, blood urea nitrogen; Crea, creatinine; ALT, alanine transaminase; AST, aspartate transaminase; D2, D-dimer; FBS, fasting blood sugar; HbA1c, glycosylated 
hemoglobin; CRP, C-reactive protein; PCT, procalcitonin; LDL, low-density lipoprotein; tHcy, total Homocysteine.
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with a sensitivity of 95.7% and a specificity of 90.9%. Further, Figures 4C and D and Table 3 compare the score 
differences between the nomogram and individual predictor variables, highlighting that the nomogram consistently 
outperforms other individual risk prediction indicators in both the training and validation sets. These results underscore 
the nomogram’s robust predictive capability.

The calibration curves indicate that the predicted probabilities of IHM associated with ischemic stroke align closely 
with the observed integral values in both the training and validation sets (P > 0.05). In Figure 5A, we demonstrate the 
remarkable consistency between the predicted probabilities of IHM for ischemic stroke and the actual observed values in 
the training set, with a mean absolute deviation (MAD) of 0.079. Similarly, as shown in Figure 5B, the predictions in the 
validation set accurately reflect the probabilities of IHM for ischemic stroke (MAD = 0.091). Through the evaluation of 

Table 2 Multivariate Logistic Regression Analysis of Influencing Factors for Ischemic Stroke with IHM and Without 
IHM in the Training Set

Variables β SE Multivariate Analysis

OR (95% CI) P-value

Age (years) 0.097 0.040 1.102(1.018,1.192) 0.016
LAAS −1.270 1.261 0.281(0.024,3.326) 0.314

SVD 0.787 1.289 2.196(0.176,27.447) 0.542
Admission NIHSS Score 0.271 0.057 1.311(1.172,1.466) <0.001
History of Previous Ischemic Stroke or Transient Ischemic Attacks (%) 0.619 1.427 1.857(0.113,30.433) 0.664

History of Peripheral Arterial Disease (%) −5.646 4.661 0.004(0.000,11.290) 0.871
History of Atrial Fibrillation (%) −0.008 1.454 0.992(0.057,17.149) 0.996

History of COPD (%) 3.358 1.640 8.735(1.154,15.436) 0.041
History of surgery (%) −4.472 4.412 0.011(0.000,65.092) 0.311
WBC (109/L) 0.295 0.127 1.343(1.048,1.722) 0.020
BUN (mmol/L) −0.486 0.255 0.615(0.373,1.013) 0.057

MCV (fl) −0.027 0.061 0.974(0.864,1.097) 0.660
LDL (mmol/L) −0.887 0.499 0.411(0.155,1.094) 0.075

Vitmian B12 (pg/mL) 0.002 0.002 1.002(0.998,1.006) 0.409

Note: Bold text indicates a statistically significant difference with a p-value less than 0.05. 
Abbreviations: LAAS, large-artery atherosclerosis; SVD, small vessel disease; COPD, chronic obstructive pulmonary disease; WBC, white blood 
cell; BUN, blood urea nitrogen; MCV, mean corpuscular volume; LDL, low-density lipoprotein.

Figure 2 LASSO regression analysis employing tenfold cross-validation to identify predictors of IHM in ischemic stroke. (A) This is a coefficient profile plot created based 
on the log(λ) sequence. The x-axis represents the logarithm of λ, while the y-axis represents the regression coefficients. Each colored solid line in the graph represents 
a variable. As log(λ) increases, the coefficients of the variables continuously decrease, with some variable coefficients approaching zero; (B) represents a 10-fold cross- 
validation curve for LASSO regression. The x-axis represents the logarithm of λ, and the y-axis represents the mean squared error (MSE). The dashed line on the left side of 
the graph indicates the λ value (0.01606023) corresponding to the minimum MSE, while the dashed line on the right side indicates the λ value (0.07809452) that is one 
standard deviation away from the minimum MSE. In this study, the selection of predictors is based on the λ value that is one standard deviation away from the minimum MSE 
(the right dashed line), where 14 non-zero coefficients were selected.
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the model’s fit using calibration curves, we find a strong correspondence between predicted and actual probabilities, 
highlighting the robust predictive performance of the model.

As shown in Figures 5C and D, the DCA plots of both the training and validation sets exhibit a clinical net benefit 
ranging from 5% to 100%, indicating high clinical utility for both models. This suggests that the developed nomogram 
possesses robust predictive capability.

Discussion
This study developed a user-friendly nomogram for predicting IHM of ischemic stroke patients in neurology wards. We 
collected general clinical characteristics and initial laboratory test results upon admission from ischemic stroke patients. 
Using LASSO regression and multivariable logistic regression, we identified independent risk factors including patients’ 
age, admission NIHSS score, history of COPD, and WBC, and constructed the nomogram. Furthermore, after ROC 
curve, calibration curve, and DCA curve analyses, the nomogram demonstrated good discriminative ability, calibration, 
and clinical utility. We established a model to predict IHM of ischemic stroke patients, which can be utilized for 
assessing disease severity, guiding treatment, and improving prognosis.

Ischemic stroke has long been a major cause of disability and mortality among patients. With the aging of the 
population, the global incidence of ischemic stroke has sharply increased. Of note, in all stroke patients, a considerable 
proportion succumbs to IHM. Our study found that the overall IHM rate of ischemic stroke patients is 9.8%, consistent 
with previous research findings.23–25 Nomograms, as a visualization tool for clinical prediction models, have been widely 
used in the field of ischemic stroke. For instance, Zhang and colleagues developed a nomogram based on four clinical 
features (female gender, lymphocyte count, pulmonary infection, and mechanical ventilation) and a nutritional risk score 
(mNUTRIC score), which reliably predicts the in-hospital mortality rate of acute stroke patients.26 However, since all 
patients were from the Neurological Intensive Care Unit and the nutritional risk score was used, this limits its application 

Figure 3 The nomogram for ischemic stroke with IHM. The nomogram assigns scores to each variable, allowing the evaluation of the probability of ischemic stroke with 
IHM by summing the scores tied to specific patient values. For instance, take a patient admitted for ischemic stroke with an NIHSS score of 20, which corresponds to a score 
of 48; an age of 70 years, yielding a score of approximately 30; a diagnosis of COPD, adding a score of about 21; and a WBC count of 16, equating to a score of 34. The 
aggregate of these scores is 133. According to the nomogram’s probability graph for ischemic stroke with IHM, this total score suggests an IHM occurrence probability of 
approximately 95%, classifying the patient within the high-risk category for ischemic stroke with IHM. 
Abbreviations: WBC, white blood cell; COPD, chronic obstructive pulmonary disease.
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Figure 4 ROC of the nomogram in the training (A and C) and validation (B and D) sets. 
Abbreviations: WBC, white blood cell; COPD, chronic obstructive pulmonary disease.
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in a broader clinical setting. Additionally, the nomograms developed by Jin et al for predicting the 28-day and 1-year 
mortality rates of ischemic stroke patients also demonstrated good clinical efficacy.27,28 In our research, we identified 
four independent risk factors associated with IHM in ischemic stroke patients: patient age, admission NIHSS score, 
history of COPD, and WBC. The identification of these factors not only simplifies the assessment process but also shows 
good potential for clinical application.

This study reaffirms that advanced age is an independent risk factor for IHM in ischemic stroke patients, aligning with 
findings from previous research.20 Prior studies have underscored the connection between stroke incidence and aging, 

Table 3 The Value Evaluation for the Risk Models in Training and Validation Sets

Variables AUC 95% CI Specificity Sensitivity Positive 
Predictive Value

Negative 
Predictive Value

P^

Training Set
Admission NIHSS score 0.937 0.891–0.983 0.940 0.828 0.600 0.980 0.214

Age (years) 0.660 0.565–0.755 0.383 0.897 0.137 0.971 0.003
WBC (109/L) 0.819 0.727–0.910 0.868 0.724 0.375 0.966 0.002
History of COPD (%) 0.548 0.482–0.613 0.959 0.140 0.267 0.911 <0.001
Nomogram 0.958 0.918–0.997 0.932 0.931 0.600 0.992 Reference
Validation set
Admission NIHSS score 0.915 0.781–1.000 0.948 0.909 0.625 0.991 0.090
Age (years) 0.727 0.595–0.860 0.448 1.000 0.147 1.000 <0.001
WBC (109/L) 0.677 0.473–0.881 0.741 0.636 0.189 0.956 0.003
History of COPD (%) 0.520 0.428–0.611 0.948 0.091 0.143 0.917 <0.001
Nomogram 0.962 0.898–1.000 0.957 0.909 0.667 0.991 Reference

Note: ^Comparison in Predictive Power of the Nomogram and other models. Bold text indicates a statistically significant difference with a p-value less than 0.05. 
Abbreviations: WBC, white blood cell; COPD, chronic obstructive pulmonary disease.

Figure 5 Calibration curve of nomogram for predicting the risk of ischemic stroke with IHM in both the training (A) and validation (B) sets (All P>0.05). Decision curve 
analysis (DCA) of the nomogram for predicting the risk of acute IS with IHM in the training (C) and the validation set (D).
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noting that between 75% and 89% of strokes occur in individuals aged 65 and older—a proportion that escalates with 
advancing age.29 In contrast to younger individuals, who generally exhibit more favorable outcomes, older ischemic 
stroke patients face higher mortality rates and more severe neurological deficits, thereby underscoring the significance of 
age as a crucial determinant of IHM.30–33 This study’s findings resonate with this perspective. The link between advanced 
age and increased risk of mortality post-stroke is supported by several studies that have explored the underlying 
biological mechanisms. Aging is known to alter the immune microenvironment and the phenotype and function of 
neutrophils before and after an ischemic stroke event. This results in an elevated production of reactive oxygen species 
and matrix metalloproteinase-9, which in turn leads to the degradation of the extracellular matrix and the blood-brain 
barrier, contributing to more extensive infarct volumes.34,35 Additionally, chronic inflammation, a hallmark of advanced 
age, can impair endothelial function,33 further exacerbating neurological damage after a stroke and worsening the 
prognosis.36

The NIHSS score is a widely recognized tool for evaluating stroke severity, extensively used in both clinical practice 
and research. Research by Adams et al highlighted that higher NIHSS scores at admission correlate with a heightened 
risk of early mortality in stroke patients,37 a finding echoed by subsequent research Subsequent studies have further 
supported this conclusion.38–40 Aligning with these studies, our research identifies a high NIHSS score upon admission as 
a significant independent predictor of early IHM in ischemic stroke patients.41 Hence, our study enhances the existing 
body of knowledge by emphasizing the importance of initial NIHSS scores at admission as predictors of the risk of early 
IHM in stroke patients.

COPD is a key risk factor for diseases such as stroke, diabetes, and hypertension.42 Studies have shown that after 
experiencing an acute exacerbation, the risk of stroke in COPD patients can be as much as 6.66 times higher than 
normal.43 Further research indicates that the overall risk of stroke in COPD patients increases by about 20%,44 and if 
COPD conditions worsen, it can significantly raise the mortality rate after a stroke(OR=1.34,95% CI: 1.20–1.52).45 

A study in the United States, after adjusting for multiple influencing factors, found that the positive correlation between 
COPD and stroke mortality is very clear, whether for overall stroke(OR=1.06, 95% CI: 1.02–1.08) or ischemic stroke 
(OR=1.08, 95% CI: 1.03–1.13).46 This increased mortality may be related to gas exchange disorders (such as hypoxemia 
and hypercapnia) that COPD patients experience during acute exacerbations, as well as an increase in inflammation and 
oxidative stress.47,48 Recent research has also revealed that COPD increases the hospital mortality rate of female patients 
with ischemic stroke by 15%.49 These findings highlight the importance of implementing effective management and 
treatment for patients with ischemic stroke who also have COPD.

Previous research has shown that a high WBC significantly increases the hospital mortality rate of patients with ischemic 
stroke, regardless of other factors such as high blood sugar or low platelet count.50,51 An increase in WBC in the early stages of 
ischemic brain injury typically indicates an acute stress response within the body.52 Such accumulation not only exacerbates 
the damage to brain tissue caused by vascular occlusion but also disrupts the overall brain structure through the release of 
a large volume of inflammatory mediators.53–55 The persistence of these white cells in downstream organs can lead to multi- 
organ failure, microvascular occlusion, increased blood viscosity, and heightened vascular resistance, aggravating micro-
circulatory failure.56 Furthermore, an abnormal rise in WBC may signal inflammation in other body systems, like pneumonia 
or urinary tract infections, thus increasing the in-hospital death risk for ischemic stroke patients.11,57 Supporting this, studies 
have identified an increase in WBC within 12 hours following an ischemic stroke as a crucial prognostic factor for IHM (OR = 
1.27, 95% CI: 1.17–1.39).58 Our study corroborates these findings, showing a significant association between elevated WBC 
counts and increased IHM rates (OR = 1.343, 95% CI: 1.048–1.722). Moreover, patients experiencing a sustained rise in WBC 
for over 48 hours face longer hospital stays, poorer functional outcomes, and a higher likelihood of severe strokes.59,60

Our nomogram has several significant advantages. First, it is applicable to all stroke patients aged 18 and above, 
offering a broad scope of application. The four required indicators are simple and easy to obtain, facilitating external 
validation and practical application, thus providing an important predictive tool for clinical use. Additionally, the 
nomogram’s intuitive visual design and clear instructions make it user-friendly, easy for clinicians to understand and 
operate without the need for extensive training. Furthermore, all variables in the model can be seamlessly integrated into 
existing electronic health record systems, supporting automatic data entry and result generation, significantly reducing 
the workload for doctors and enhancing work efficiency. Moreover, our nomogram is suitable for clinicians of varying 
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levels and experience. Through detailed training manuals, online courses, and onsite training, we ensure that all doctors 
can accurately use this tool. These advantages suggest that our nomogram will be effectively applied and widely 
promoted in clinical settings.

Our study provides a new method for predicting IHM risk in patients with ischemic stroke, but it also has some 
limitations. First, as a single-center retrospective study, it inevitably has selection and recall biases and cannot establish 
causality. Second, due to the small sample size, the statistical significance and generalizability of the study results may be 
limited. Additionally, due to data collection limitations, this study has not been externally validated, so the general-
izability of our findings needs to be further confirmed through future multicenter studies. We recommend that future 
studies should include common treatments and interventions to further enhance the accuracy of the model. Prospective 
multicenter research is necessary to assess the practical utility of our proposed nomogram in a broader population and to 
explore more detailed predictive factors such as the location of cerebral infarcts, age ranges, and the duration of 
underlying diseases, or to refine the model for specific subgroups of patients with ischemic stroke.27,28,61,62 Identifying 
subgroups that may benefit most from the nomogram or have unique prognostic predictors can significantly improve the 
personalization of stroke management.

Conclusion
In summary, our study identified independent risk factors for IHM among neurology inpatients with ischemic stroke: 
patients’ age, admission NIHSS score, history of COPD, and WBC count. The nomogram developed from these key 
variables demonstrated excellent predictive performance and clinical utility in assessing the risk of IHM for patients with 
ischemic stroke. Nevertheless, further external validation and prospective studies are required to confirm the effective-
ness of this nomogram.

Abbreviation
IHM, intra-hospital mortality; LASSO, Least Absolute Shrinkage and Selection Operator; COPD, chronic obstructive 
pulmonary disease; WBC, white blood cell count; CT, computed tomography; MRI, magnetic resonance imaging; Hb, 
hemoglobin; MCV, mean corpuscular volume; VIF, Variance Inflation Factor; DCA, decision curve analysis; SVD, small 
vessel disease; LAAS, large-artery atherosclerosis; BUN, blood urea nitrogen; LDL, low-density lipoprotein cholesterol; 
AUC-ROC, area under the ROC; MAD, mean absolute deviation.

Data Sharing Statement
The data that supports the findings of this study are available from the corresponding author upon reasonable request.

Ethics Approval
Approval was obtained from institutional review board at the First Affiliated Hospital of Chongqing medical University, 
Chongqing, China, and the need for informed consent was waived according to the policy (ethic approval code: 2022–115). 
As the Ethics Committee of the First Affiliated Hospital of Chongqing Medical University did not require patient consent 
for the review of medical records for this study, all patient data were handled with strict confidentiality. No identifying 
information has been included in any part of the manuscript.

Acknowledgments
Li Zhou and Youlin Wu are co-first authors for this study. We thank all investigators contributed to this article. We also 
give thanks to all patients enrolled in this study.

Author Contributions
All authors made significant contributions to the conception and design of the study, commented on earlier versions of 
the manuscript, and read and approved the final manuscript. All authors have agreed on the journal to which the article 
has been submitted and agree to be accountable for all aspects of the work, ensuring the integrity of its content.

Clinical Interventions in Aging 2024:19                                                                                             https://doi.org/10.2147/CIA.S471885                                                                                                                                                                                                                       

DovePress                                                                                                                       
1433

Dovepress                                                                                                                                                            Zhou et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Funding
This work was supported by grants from the National Natural Science Foundation of China (Grant no. 82171456 and 
81971229) and the Natural Science Foundation of Chongqing Science and Technology Commission (Grant no.cstc 
2021jcyj-msxmX0263) to Qin Yang.

Disclosure
The authors declared that they have no competing interests in this work.

References
1. Feigin VL, Stark BA, Johnson CO. GBD 2019. Stroke collaborators. global, regional, and national burden of stroke and its risk factors, 1990–2019: 

a systematic analysis for the global burden of disease study 2019. Lancet Neurol. 2021;20(10):795–820. doi:10.1016/S1474-4422(21)00252-0
2. Ma Q, Li R, Wang L, et al. Temporal trend and attributable risk factors of stroke burden in China, 1990–2019: an analysis for the global burden of 

disease study 2019. Lancet Public Health. 2021;6(12):e897–e906. doi:10.1016/S2468-2667(21)00228-0
3. Barlas RS, Honney K, Loke YK, et al. Impact of hemoglobin levels and anemia on mortality in acute stroke: analysis of UK regional registry data. 

systematic review, and meta-analysis. J Am Heart Assoc. 2016;5(8). doi:10.1161/JAHA.115.003019
4. Ramón PC, Adrià A, Roser C-M, et al. Specific cardiac disorders in 402 consecutive patients with ischaemic cardioembolic stroke. Int J Cardiol. 

2004;95(1):95. doi:10.1016/j.ijcard.2003.02.007
5. Rafael L, Mohsen N, Kyle F, et al. Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic 

analysis for the global burden of disease study 2010. Lancet. 2012;380(9859). doi:10.1016/s0140-6736(12)61728-0
6. Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombectomy 6 to 24 hours after stroke with a mismatch between deficit and infarct. N Engl J Med. 

2018;378(1):11–21. doi:10.1056/NEJMoa1706442
7. Turc G, Bhogal P, Fischer U, et al. European Stroke Organisation (ESO) - European Society for Minimally Invasive Neurological Therapy 

(ESMINT) Guidelines on Mechanical Thrombectomy in Acute Ischaemic StrokeEndorsed by Stroke Alliance for Europe (SAFE). European Stroke 
J. 2019;4(1):6–12. doi:10.1177/2396987319832140

8. Patel P, Yavagal D, Khandelwal P. Hyperacute management of ischemic strokes: jacc focus seminar. J Am Coll Cardiol. 2020;75(15):1844–1856. 
doi:10.1016/j.jacc.2020.03.006

9. Meng X, Wang Y, Zhao X, et al. Validation of the Essen Stroke Risk Score and the Stroke Prognosis Instrument II in Chinese patients. Stroke. 
2011;42(12):3619–3620. doi:10.1161/STROKEAHA.111.624148

10. Katzan IL, Spertus J, Bettger JP, et al. Risk adjustment of ischemic stroke outcomes for comparing hospital performance: a statement for healthcare 
professionals from the American heart association/American stroke association. Stroke. 2014;45(3):918–944. doi:10.1161/01.str.0000441948.35804.77

11. Westendorp WF, Nederkoorn PJ, Vermeij J-D, Dijkgraaf MG, van de Beek D. Post-stroke infection: a systematic review and meta-analysis. BMC 
Neurol. 2011;11(1):110. doi:10.1186/1471-2377-11-110

12. McCall S, Musgrave S, Potter J, et al. The shock index predicts acute mortality outcomes in stroke. Int J Cardiol. 2015;182:523–527. doi:10.1016/j. 
ijcard.2014.12.175

13. Kwok CS, Potter JF, Dalton G, et al. The SOAR stroke score predicts inpatient and 7-day mortality in acute stroke. Stroke. 2013;44(7):2010–2012. 
doi:10.1161/STROKEAHA.113.001148

14. Subbe CP, Kruger M, Rutherford P, Gemmel L. Validation of a modified early warning score in medical admissions. QJM. 2001;94(10):521–526. 
doi:10.1093/qjmed/94.10.521

15. Saposnik G, Kapral MK, Liu Y, et al. IScore: a risk score to predict death early after hospitalization for an acute ischemic stroke. Circulation. 
2011;123(7):739–749. doi:10.1161/circulationaha.110.983353

16. Abdul-Rahim AH, Quinn TJ, Alder S, et al. Derivation and validation of a novel prognostic scale (modified-stroke subtype, oxfordshire community 
stroke project classification, age, and prestroke modified rankin) to predict early mortality in acute stroke. Stroke. 2016;47(1):74–79. doi:10.1161/ 
STROKEAHA.115.009898

17. Wang W, Sang W, Jin D, et al. The prognostic value of the iScore, the PLAN Score, and the ASTRAL score in acute ischemic stroke. J Stroke 
Cerebrovasc Dis. 2017;26(6):1233–1238. doi:10.1016/j.jstrokecerebrovasdis.2017.01.013

18. Szlachetka WA, Pana TA, Mamas MA, et al. Predicting 10-year stroke mortality: development and validation of a nomogram. Acta Neurol Belg. 
2022;122(3):685–693. doi:10.1007/s13760-021-01752-9

19. Lan Y, Sun W, Chen Y, et al. Nomogram including neutrophil-to-lymphocyte ratio for the prediction of stroke-associated infections. Front Neurol. 
2020;11:574280. doi:10.3389/fneur.2020.574280

20. Du M, Huang X, Li S, et al. A nomogram model to predict malignant cerebral edema in ischemic stroke patients treated with endovascular 
thrombectomy: an observational study. Neuropsychiatr Dis Treat. 2020;16:2913–2920. doi:10.2147/NDT.S279303

21. Zhang K, Luan J, Li C, Chen M. Nomogram to predict hemorrhagic transformation for acute ischemic stroke in Western China: a retrospective 
analysis. BMC Neurol. 2022;22(1):156. doi:10.1186/s12883-022-02678-2

22. Zhang C, Zhang W, Huang Y, Qiu J, Huang ZX. A dynamic nomogram to predict the 3-month unfavorable outcome of patients with acute ischemic 
stroke. Risk Manag Healthc Policy. 2022;15:923–934. doi:10.2147/RMHP.S361073

23. Chen P, Chen G, Hsiao C, et al. Comparison of clinical features, immune-inflammatory markers, and outcomes between patients with acute 
in-hospital and out-of-hospital ischemic stroke. J Inflamm Res. 2022;15:881–895. doi:10.2147/JIR.S342830

24. Guida P, Iacoviello M, Passantino A, Scrutinio D. Intra-hospital correlations among 30-day mortality rates in 18 different clinical and surgical 
settings. Int J Qual Health Care. 2016;28(6):793–801. doi:10.1093/intqhc/mzw112

25. Pezzini A, Grassi M, Silvestrelli G, et al. Impact of SARS-CoV-2 on reperfusion therapies for acute ischemic stroke in Lombardy, Italy: the 
STROKOVID network. J Neurol. 2021;268(10):3561–3568. doi:10.1007/s00415-021-10497-7

https://doi.org/10.2147/CIA.S471885                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Clinical Interventions in Aging 2024:19 1434

Zhou et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S1474-4422(21)00252-0
https://doi.org/10.1016/S2468-2667(21)00228-0
https://doi.org/10.1161/JAHA.115.003019
https://doi.org/10.1016/j.ijcard.2003.02.007
https://doi.org/10.1016/s0140-6736(12)61728-0
https://doi.org/10.1056/NEJMoa1706442
https://doi.org/10.1177/2396987319832140
https://doi.org/10.1016/j.jacc.2020.03.006
https://doi.org/10.1161/STROKEAHA.111.624148
https://doi.org/10.1161/01.str.0000441948.35804.77
https://doi.org/10.1186/1471-2377-11-110
https://doi.org/10.1016/j.ijcard.2014.12.175
https://doi.org/10.1016/j.ijcard.2014.12.175
https://doi.org/10.1161/STROKEAHA.113.001148
https://doi.org/10.1093/qjmed/94.10.521
https://doi.org/10.1161/circulationaha.110.983353
https://doi.org/10.1161/STROKEAHA.115.009898
https://doi.org/10.1161/STROKEAHA.115.009898
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.01.013
https://doi.org/10.1007/s13760-021-01752-9
https://doi.org/10.3389/fneur.2020.574280
https://doi.org/10.2147/NDT.S279303
https://doi.org/10.1186/s12883-022-02678-2
https://doi.org/10.2147/RMHP.S361073
https://doi.org/10.2147/JIR.S342830
https://doi.org/10.1093/intqhc/mzw112
https://doi.org/10.1007/s00415-021-10497-7
https://www.dovepress.com
https://www.dovepress.com


26. Zhang RX, Zhang WW, Luo YT, Liu GW. An mNUTRIC-based nomogram for predicting the in-hospital death risk in patients with acute stroke. 
Eur J Clin Nutr. 2022;76(10):1464–1469. doi:10.1038/s41430-022-01127-0

27. Jin G, Hu W, Zeng L, Ma B, Zhou M. Prediction of long-term mortality in patients with ischemic stroke based on clinical characteristics on the 
first day of ICU admission: an easy-to-use nomogram. Front Neurol. 2023;14:1148185. doi:10.3389/fneur.2023.1148185

28. Jin G, Hu W, Zeng L, et al. Development and verification of a nomogram for predicting short-term mortality in elderly ischemic stroke populations. 
Sci Rep. 2023;13(1):12580. doi:10.1038/s41598-023-39781-4

29. Chen RL, Balami JS, Esiri MM, Chen LK, Buchan AM. Ischemic stroke in the elderly: an overview of evidence. Nat Rev Neurol. 2010;6 
(5):256–265. doi:10.1038/nrneurol.2010.36

30. Jiang C, Fan Y, Li Y, et al. Predictors of favorable outcomes for vertebrobasilar artery occlusion after endovascular therapy within 24 hours of 
symptom onset. Clin Neurol Neurosurg. 2021;201:106422. doi:10.1016/j.clineuro.2020.106422

31. Marini C, Baldassarre M, Russo T, et al. Burden of first-ever ischemic stroke in the oldest old: evidence from a population-based study. Neurology. 
2004;62(1):77–81. doi:10.1212/01.wnl.0000101461.61501.65

32. Samuthpongtorn C, Jereerat T, Suwanwela NC. Stroke risk factors, subtypes and outcome in elderly Thai patients. BMC Neurol. 2021;21(1):322. 
doi:10.1186/s12883-021-02353-y

33. Martinez-Majander N, Gordin D, Joutsi-Korhonen L, et al. Endothelial dysfunction is associated with early-onset cryptogenic ischemic stroke in 
men and with increasing age. J Am Heart Assoc. 2021;10(14):e020838. doi:10.1161/JAHA.121.020838

34. Perez-de-Puig I, Miró-Mur F, Ferrer-Ferrer M, et al. Neutrophil recruitment to the brain in mouse and human ischemic stroke. Acta Neuropathol. 
2015;129(2):239–257. doi:10.1007/s00401-014-1381-0

35. Tang Y, Xu H, Du X, et al. Gene expression in blood changes rapidly in neutrophils and monocytes after ischemic stroke in humans: a microarray 
study. J Cereb Blood Flow Metab. 2006;26(8):1089–1102. doi:10.1038/sj.jcbfm.9600264

36. Finger CE, Moreno-Gonzalez I, Gutierrez A, Moruno-Manchon JF, McCullough LD. Age-related immune alterations and cerebrovascular 
inflammation. Mol Psychiatry. 2022;27(2):803–818. doi:10.1038/s41380-021-01361-1

37. HP A Jr, Davis PH, Leira EC, et al. Baseline NIH stroke scale score strongly predicts outcome after stroke: a report of the Trial of Org 10172 in 
Acute Stroke Treatment (TOAST). Neurology. 1999;53(1):126–131. doi:10.1212/wnl.53.1.126

38. Smith E, Shobha N, Dai D, et al. Risk score for in-hospital ischemic stroke mortality derived and validated within the Get With the 
Guidelines-Stroke Program. Circulation. 2010;122(15):1496–1504. doi:10.1161/circulationaha.109.932822

39. Wouters A, Nysten C, Thijs V, Lemmens R. Prediction of outcome in patients with acute ischemic stroke based on initial severity and improvement 
in the first 24 h. Front Neurol. 2018;9:308. doi:10.3389/fneur.2018.00308

40. Amini H, Knepp B, Rodriguez F, et al. Early peripheral blood gene expression associated with good and poor 90-day ischemic stroke outcomes. 
J Neuroinflammation. 2023;20(1):13. doi:10.1186/s12974-022-02680-y

41. Kortazar-Zubizarreta I, Pinedo-Brochado A, Azkune-Calle I, et al. Predictors of in-hospital mortality after ischemic stroke: a prospective, 
single-center study. Health Sci Rep. 2019;2(4):e110. doi:10.1002/hsr2.110

42. Lahousse L, Tiemeier H, Ikram MA, Brusselle GG. Chronic obstructive pulmonary disease and cerebrovascular disease: a comprehensive review. 
Respir Med. 2015;109(11):1371–1380. doi:10.1016/j.rmed.2015.07.014

43. Portegies M, Lahousse L, Joos G, et al. Chronic obstructive pulmonary disease and the risk of stroke. Am J Respir Crit Care Med. 2016;193 
(3):251–258. doi:10.1164/rccm.201505-0962OC

44. Feary J, Rodrigues L, Smith C, Hubbard R, Gibson J. Prevalence of major comorbidities in subjects with COPD and incidence of myocardial 
infarction and stroke: a comprehensive analysis using data from primary care. Thorax. 2010;65(11):956–962. doi:10.1136/thx.2009.128082

45. Donaldson GC, Hurst JR, Smith CJ, Hubbard RB, Wedzicha JA. Increased risk of myocardial infarction and stroke following exacerbation of 
COPD. Chest. 2010;137(5):1091–1097. doi:10.1378/chest.09-2029

46. Lekoubou A, Ovbiagele B. PREVALANCE AND INFLUENCE OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE ON STROKE 
OUTCOMES IN HOSPITALIZED STROKE PATIENTS. eNeurologicalSci. 2017;6:21–24. doi:10.1016/j.ensci.2016.11.007

47. Morgan AD, Sharma C, Rothnie KJ, Potts J, Smeeth L, Quint JK. Chronic obstructive pulmonary disease and the risk of stroke. Ann Am Thorac 
Soc. 2017;14(5):754–765. doi:10.1513/AnnalsATS.201611-932SR

48. Austin V, Crack PJ, Bozinovski S, Miller AA, Vlahos R. COPD and stroke: are systemic inflammation and oxidative stress the missing links? Clin 
Sci. 2016;130(13):1039–1050. doi:10.1042/CS20160043

49. de Miguel-Díez J, López-de-Andrés A, Jiménez-García R, et al. Sex differences in the incidence and outcomes of COPD patients hospitalized with 
ischemic stroke in Spain: a population-based observational study. Int J Chron Obstruct Pulmon Dis. 2021;16:1851–1862. doi:10.2147/COPD. 
S311826

50. You S, Sun X, Zhou Y, et al. The prognostic significance of white blood cell and platelet count for in hospital mortality and pneumonia in acute 
ischemic stroke. Curr Neurovasc Res. 2021;18(4):427–434. doi:10.2174/1567202618666211118141803

51. You S, Ou Z, Zhang W, et al. Combined utility of white blood cell count and blood glucose for predicting in-hospital outcomes in acute ischemic 
stroke. J Neuroinflammation. 2019;16(1):37. doi:10.1186/s12974-019-1422-7

52. Furlan JC, Vergouwen MD, Fang J, Silver FL. White blood cell count is an independent predictor of outcomes after acute ischaemic stroke. Eur 
J Neurol. 2014;21(2):215–222. doi:10.1111/ene.12233

53. Lipton P. Ischemic cell death in brain neurons. Physiol Rev. 1999;79(4):1431–1568. doi:10.1152/physrev.1999.79.4.1431
54. Chen H, Yoshioka H, Kim GS, et al. Oxidative stress in ischemic brain damage: mechanisms of cell death and potential molecular targets for 

neuroprotection. Antioxid Redox Signal. 2011;14(8):1505–1517. doi:10.1089/ars.2010.3576
55. Urday S, Kimberly WT, Beslow LA, et al. Targeting secondary injury in intracerebral haemorrhage--perihaematomal oedema. Nat Rev Neurol. 

2015;11(2):111–122. doi:10.1038/nrneurol.2014.264
56. Bui TA, Jickling GC, Winship IR. Neutrophil dynamics and inflammaging in acute ischemic stroke: a transcriptomic review. Front Aging Neurosci. 

2022;14:1041333. doi:10.3389/fnagi.2022.1041333
57. Roquer J, Cuadrado-Godia E, Giralt-Steinthauer E, et al. Previous infection and stroke: a prospective study. Cerebrovasc Dis. 2012;33(4):310–315. 

doi:10.1159/000335306
58. Kazmierski R, Guzik P, Ambrosius W, et al. Predictive value of white blood cell count on admission for in-hospital mortality in acute stroke 

patients. Clin Neurol Neurosurg. 2004;107(1):38–43. doi:10.1016/j.clineuro.2004.03.003

Clinical Interventions in Aging 2024:19                                                                                             https://doi.org/10.2147/CIA.S471885                                                                                                                                                                                                                       

DovePress                                                                                                                       
1435

Dovepress                                                                                                                                                            Zhou et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1038/s41430-022-01127-0
https://doi.org/10.3389/fneur.2023.1148185
https://doi.org/10.1038/s41598-023-39781-4
https://doi.org/10.1038/nrneurol.2010.36
https://doi.org/10.1016/j.clineuro.2020.106422
https://doi.org/10.1212/01.wnl.0000101461.61501.65
https://doi.org/10.1186/s12883-021-02353-y
https://doi.org/10.1161/JAHA.121.020838
https://doi.org/10.1007/s00401-014-1381-0
https://doi.org/10.1038/sj.jcbfm.9600264
https://doi.org/10.1038/s41380-021-01361-1
https://doi.org/10.1212/wnl.53.1.126
https://doi.org/10.1161/circulationaha.109.932822
https://doi.org/10.3389/fneur.2018.00308
https://doi.org/10.1186/s12974-022-02680-y
https://doi.org/10.1002/hsr2.110
https://doi.org/10.1016/j.rmed.2015.07.014
https://doi.org/10.1164/rccm.201505-0962OC
https://doi.org/10.1136/thx.2009.128082
https://doi.org/10.1378/chest.09-2029
https://doi.org/10.1016/j.ensci.2016.11.007
https://doi.org/10.1513/AnnalsATS.201611-932SR
https://doi.org/10.1042/CS20160043
https://doi.org/10.2147/COPD.S311826
https://doi.org/10.2147/COPD.S311826
https://doi.org/10.2174/1567202618666211118141803
https://doi.org/10.1186/s12974-019-1422-7
https://doi.org/10.1111/ene.12233
https://doi.org/10.1152/physrev.1999.79.4.1431
https://doi.org/10.1089/ars.2010.3576
https://doi.org/10.1038/nrneurol.2014.264
https://doi.org/10.3389/fnagi.2022.1041333
https://doi.org/10.1159/000335306
https://doi.org/10.1016/j.clineuro.2004.03.003
https://www.dovepress.com
https://www.dovepress.com


59. Boehme AK, Kumar AD, Lyerly MJ, et al. Persistent leukocytosis-is this a persistent problem for patients with acute ischemic stroke? J Stroke 
Cerebrovasc Dis. 2014;23(7):1939–1943. doi:10.1016/j.jstrokecerebrovasdis.2014.02.004

60. Nardi K, Milia P, Eusebi P, Paciaroni M, Caso V, Agnelli G. Admission leukocytosis in acute cerebral ischemia: influence on early outcome. 
J Stroke Cerebrovasc Dis. 2012;21(8):819–824. doi:10.1016/j.jstrokecerebrovasdis.2011.04.015

61. Arboix A, García-Eroles L, Massons J, Oliveres M, Targa C. Lacunar infarcts in patients aged 85 years and older. Acta Neurol Scand. 2000;101 
(1):25–29. doi:10.1034/j.1600-0404.2000.00005.x

62. Arboix A, García-Eroles L, Sellarés N, et al. Infarction in the territory of the anterior cerebral artery: clinical study of 51 patients. BMC Neurol. 
2009;9(1):30. doi:10.1186/1471-2377-9-30

Clinical Interventions in Aging                                                                                                         Dovepress 

Publish your work in this journal 
Clinical Interventions in Aging is an international, peer-reviewed journal focusing on evidence-based reports on the value or lack thereof of 
treatments intended to prevent or delay the onset of maladaptive correlates of aging in human beings. This journal is indexed on PubMed Central, 
MedLine, CAS, Scopus and the Elsevier Bibliographic databases. The manuscript management system is completely online and includes a very 
quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published 
authors.  

Submit your manuscript here: https://www.dovepress.com/clinical-interventions-in-aging-journal

DovePress                                                                                                                    Clinical Interventions in Aging 2024:19 1436

Zhou et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.02.004
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.04.015
https://doi.org/10.1034/j.1600-0404.2000.00005.x
https://doi.org/10.1186/1471-2377-9-30
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Study Design and Participants
	Data Collection
	Statistical Analysis

	Results
	Study Populations
	LASSO Regression for Predictive Variable Selection
	Construction of Predictive Model
	Validation of Predictive Model

	Discussion
	Conclusion
	Abbreviation
	Data Sharing Statement
	Ethics Approval
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

